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Abstract 

The purpose of this study is to further explore the neuropsychological profile of 

children with Duchenne muscular dystrophy (DMD), and how core cognitive deficits 

relate to academic achievement. Some studies suggest that the cognitive profile of 

children with DMD is characterized by poor verbal span (Hinton et al., 2004; Hinton et 

al., 2007); others support poor verbal working memory as the core deficit (Hinton et al., 

2000; Hinton et al., 2001). Attentional difficulties have also been proposed as the core 

deficit in children with DMD (Cotton et al. 1998; Cyrulnik et al., 2008; Hendriksen and 

Vles, 2008). However, these core cognitive and behavioral deficits have not been 

adequately studied in relation to academic achievement. In the present study, academic 

achievement and the cognitive correlates of reading disabilities and math difficulties were 

analyzed. Analyses explored the relation among attention, working memory, and math in 

children with DMD, and how performance contributed to academic achievement. A 

sibling comparison group was also recruited. Children with DMD were found to have 

academic difficulties across measures of reading and math. Findings suggest that children 

with DMD display poor academic achievement skills due to poorly developed verbal 

working memory skills. A lower distribution of dystrophin in cerebral areas may lead to 

limited verbal working memory, which in turn contributes to poor academic skills. 

 



 

Duchenne Muscular Dystrophy 
	  

v 

TABLE OF CONTENTS 

INTRODUCTION 1 

Overview  1 

Intelligence  2 

Academic Achievement 4 

Verbal Span 6 

Verbal Working Memory 8 

Attention 11 

Cognitive Correlates of Academic Skills 14 

Reading 15 

Math 16 

Rationale for the Present Study 21 

METHOD 23 

Participants 23 

Measures 24 

Procedures 30 

Methods of Analysis 32 

RESULTS 33 

Hypothesis 1: Academic Measures 33 

Hypothesis 2: Reading Related Measures 35 

Hypothesis 3: Math Related Measures 36 

Hypothesis 4: Relations between Academic Achievement, Verbal Span,                 

Verbal Working Memory, Attention, and Language                          37  

DISCUSSION 38 

Academic Achievement 39 



 

Duchenne Muscular Dystrophy 
	  

vi 

Cognitive Correlates of Reading 40 

Cognitive Correlates of Math 41 

Relation between Academic Achievement and its Cognitive Correlates          43 

Brain-Behavior Relationships, Environment, and IQ in Children with DMD         44 

Limitations 47 

Conclusions and Future Directions 48 

REFERENCES 50 

TABLES 65 



 

Duchenne Muscular Dystrophy 
	  

vii 

LIST OF TABLES 

 

Table 1. Sociodemographic Information for Groups 65 

Table 2. Sociodemographic Information for DMD-Sibling Pairs 66 

Table 3. Means, Standard Deviations, and Effect Sizes for Academic   
Achievement Measures 67  

Table 4. DMD-Sibling Pair Mean Differences and t-statistics for Academic Measures 67 

Table 5. Means, Standard Deviations, and Effect Sizes for Reading Correlates 68 

Table 6. DMD-Sibling Pair Mean Differences and t-statistics for Reading Correlates 69 

Table 7. Means, Standard Deviations, and Effect Sizes for Math Correlates 70 

Table 8. DMD-Sibling Pair Mean Differences and t-statistics for Math Correlates 70 

Table 9. Pearson Correlations for Math, Reading, and Cognitive Measures in  71 
Children with DMD 



Duchenne Muscular Dystrophy 
	  

 

1 

Duchenne muscular dystrophy: Academic achievement and cognitive correlates 

Overview 

Duchenne muscular dystrophy (DMD) is an X-linked recessive genetic disorder 

in which skeletal and cardiac muscle are dysfunctional (Smith & Swaiman, 1999). This 

progressive disease of the muscle is characterized by progressive dystrophic necrosis of 

the muscle cells (Menkes, 1995). DMD is caused by an absence of dystrophin, an 

intracellular protein that composes .002% of total muscle protein (Hoffman et al., 1987; 

Knudson et al., 1988). This absence corresponds with a genetic mutation that disrupts 

normal dystrophin translation (Smith & Swaiman, 1999). The gene for DMD is located 

on the Xp21 band of the X chromosome (Boyd & Buckle, 1986; Francke et al., 1985; 

Ray et al., 1985) and is expressed primarily in males since this genetic defect is a 

recessive trait (Smith & Swaiman, 1999).  

The incidence of DMD is approximately 1 in 3,300 males (Emery, 1977; Moser, 

1984; Scheuerbrandt et al., 1986; van Essen et al., 1992). The disease is most often 

recognized by 3-4 years of age. Children with DMD may begin to walk later than normal 

children, experience more falling than expected, and progressive gait failure eventually 

becomes apparent. DMD can also often be characterized by neck flexor weakness with 

poor head control and a typical waddling gait (Menkes, 1995; Smith & Swaiman, 1999). 

The course of this disease is gradual, with most individuals losing ambulation near the 

end of the first decade (Smith & Swaiman, 1999). Throughout adolescence, weakness 

increases and manifests throughout the muscles, including arms, hands, face, and neck 

muscles. Pulmonary and cardiac function may be compromised and must be monitored.  
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Many studies show poor academic achievement in children with DMD, even 

when IQ differences are taken to account. This is thought to relate to abnormal 

dystrophin expression in the brain (Anderson et al., 2002). Some studies argue that a 

specific verbal span deficit leads to poor phonological decoding skills  (Hinton et al., 

2004, 2007); other studies have reported that a core deficit in verbal working memory, 

not verbal span, leads to academic difficulties (Hinton et al., 2000, 2001). There is also a 

separate literature indicating attention problems in children with DMD (Cotton et al., 

1998; Hinton et al., 2006; Poysky, 2007; Hendriksen & Vles, 2008), which often leads to 

academic difficulty, especially in mathematics. 

The purpose of this study is to further explore the neuropsychological profile of 

children with DMD, specifically examining immediate recall of verbal information 

(verbal span), verbal working memory, and attention. Academic achievement will also be 

examined, as will relations with specific cognitive deficits associated with academic 

difficulties. In the next section, studies of intelligence quotients (IQ), academic 

achievement, verbal span, verbal working memory, and attention in children with DMD 

will be reviewed. The cognitive components typically underlying both reading and math 

calculations will then be discussed. I propose that if children with DMD perform worse 

than a healthy sibling comparison group on measures of academic achievement, then they 

will also perform significantly worse on measures of specific cognitive correlates of both 

reading and math. 

Intelligence 

A number of studies have shown that children with DMD have low average 

intellectually ability, with a Full Scale IQ (FIQ) approximately one standard deviation 



Duchenne Muscular Dystrophy 
	  

 

3 

below the mean (Leibowitz & Dubowitz, 1981; Bresolin et al., 1994, Taylor et al., 2010). 

However, Donders and Taneja (2009) found that although the average Full Scale IQ of 

boys with DMD was significantly lower than a sibling comparison group, the mean score 

was still in the average range (M = 90.23). Another controversial finding in the existing 

literature is whether Verbal IQ is more affected than Performance IQ, as shown through a 

VIQ-PIQ discrepancy (Karagan et al., 1978; Karagan et al., 1980; Dorman et al., 1988; 

Appleton et al., 1991). 

Cotton et al. (2001) conducted a meta-analysis which consisted of 32 studies 

and included 1224 children with DMD. The mean FIQ score for the 1146 children whose 

scores were available was M (SD) = 80.2 (19.3), with a 99% confidence interval ranging 

from 78.76 to 81.71, which is significantly lower than the population mean of M (SD) = 

100 (15). The distribution of FIQ scores did not differ significantly from the normal 

distribution. This supports the finding that children with DMD tend to have a full scale 

IQ approximately one standard deviation below the mean. However, not all children with 

DMD demonstrate deficits in verbal intelligence compared to non-verbal intelligence; in 

Cotton et al. (2001), the mean VIQ score (M = 80.4) was only five points lower than the 

mean PIQ score (M = 85.4), which is not a clinically significant discrepancy. It is also 

important to note that there is considerable variability among both VIQ and PIQ scores; 

VIQ score ranged from 39 to 144, and PIQ scores ranged from 42 to 136. Although the 

mean IQ of individuals with DMD may be below average, many individuals with DMD 

still demonstrate average to above average levels of IQ.  
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Academic Achievement  

Few studies have examined academic achievement in children with Duchenne 

Muscular Dystrophy (DMD). The prevalence of learning disorders in children with DMD 

is not known; however, Hendriksen and Vles (2006) found that reading problems were 

significantly more common in males with DMD than in males in the general population. 

However, this study only involved 25 males with DMD, with five participants classified 

has having serious reading problems and five having moderate reading problems. Despite 

the small sample size, Hendriksen and Vles (2006) concluded that males with DMD 

exhibit a higher rate of reading problems than males in the general population and that 

males with DMD may be at a risk for developing reading problems, independent of their 

level of intelligence.  

Hinton et al. (2004) investigated reading and math achievement in 26 boys with 

DMD and their siblings using the Woodcock-Johnson Achievement Battery (WJ; 

Woodcock & Johnson, 1977). Significant differences were found on all reading and math 

composite scores and individual academic subtests, with children with DMD performing 

significantly lower than the sibling comparison group. However, only the Broad 

Mathematics composite score was below the average range, which also represented the 

largest between-group difference. This finding may suggest that children with DMD may 

have specific math difficulties, especially because group differences for the mathematics 

composite score were still significant when nonverbal IQ was covaried. After controlling 

for IQ, there was not a significant difference between groups on the reading composite 

score.  



Duchenne Muscular Dystrophy 
	  

 

5 

Billard et al. (1998) also examined reading skills in 21 French children with 

DMD. A group of children with spinal muscular atrophy (SMA) was recruited as a 

comparison group and administered the same battery of tests, while a comparison group 

comprised of typically developing children was administered only the reading 

assessments. While the groups did not significantly differ on the Wechsler Intelligence 

Scale for Children-Revised (WISC-R; Wechsler, 1981) Performance IQ score, the DMD 

group had a significantly lower WISC-R Verbal IQ score than the SMA group. The DMD 

group’s performance on the Word Repetitions subtest of the French language test was 

significantly different from the SMA comparison group, while performance on the 

Picture Naming, Word Comprehension, and Syntax Comprehension subtests did not 

differ between groups. Based on lower performance on the subtest involving repetition of 

words, Billard et al. (1998) concluded that children with DMD have difficulty with 

phonological production. The study also found that children with DMD were more likely 

to have significantly lower reading scores than the SMA group. When the DMD group 

and comparison groups were matched for reading age, children with DMD still 

performed significantly worse on the above word reading lists. Through qualitative 

analysis of errors while children were reading aloud, the authors observed a pattern of 

errors that suggested children with DMD had significant difficulties applying appropriate 

graphophonological rules (i.e., reading ‘viporon as ‘viporizon’). Billard et al. (1998) 

concluded that children with DMD showed a specific deficit in phonological processing 

when reading words. However, they also speculated that a deficit in control of attention, 

as opposed to a deficit in graphophonological processing, may explain this deficit; they 

concluded that because children with DMD not only read non-words as visually similar 
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real words, but also read non-words as dissimilar to a known word, that poor attentional 

control cannot be the main explanation for phonological processing deficits.  

More information and further assessment is necessary to determine if children 

with DMD truly have a phonological processing deficit and are at risk for learning 

disabilities. Hendriksen and Vles (2006) classified learning disability status based on an 

IQ-achievement discrepancy. IQ-achievement discrepancies have been shown to have 

weak validity, and reading skills have not been found to differ between those children 

whose IQ is discrepant from achievement scores, and those children who are non-

discrepant (Fletcher et al., 2007). Another limitation of these studies (Billard et al., 1998; 

Hinton et al., 2004) is that many subtests on which children with DMD performed poorly 

are highly sensitive to inattention and distractibility, such as Arithmetic, Digit Span, and 

Word Repetition. It may be helpful to include attention measures in the same study. It has 

not been determined whether reading difficulties in children with DMD are characterized 

by a deficit in phonological processing or awareness, poor verbal working memory, or 

problems with focused or sustained attention.  

Further study is needed to investigate academic achievement in children with 

DMD. Previous studies have focused on reading and phonological deficits, even though 

difficulties may be more significant in mathematics. Also, the relation between verbal 

span, working memory, and attention need to be better understood in this population, as 

well as their contributions to both reading and math skills. 

Verbal Span 

Upon examining possible cognitive underpinnings of poor academic 

achievement, studies have shown that children with DMD may have cognitive deficits 
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specific to immediate verbal memory (verbal span). In their study, Hinton et al. (2004) 

administered the Wepman Auditory Discrimination Test (Wepman & Reynolds, 1987) 

and the Digit Span subtest from the WISC-III (Wechsler, 1991) to children with DMD 

and a comparison group of healthy siblings of the DMD children. Hinton et al. (2004) 

found that the groups did not differ on the Wepman measure of auditory discrimination. 

Participants with DMD, however, did perform significantly worse on Digit Span, a 

measure of verbal span. Hinton et al. (2004) proposed that immediate verbal memory, or 

verbal span, is the core deficit in children with DMD. Digit span score also accounted for 

a significant amount of variance in reading and math composite scores. The authors 

argued that the deficits in verbal span are not based on manipulation of information, or 

“working memory”, but that verbal span is a unique process in which children with DMD 

display difficulty and is related to phonological decoding.  

Hinton et al. (2007) examined verbal skills and memory in males with DMD 

between the ages of 6 and 14 years, and a comparison group of age-matched males with 

cerebral palsy (CP). Where possible, a healthy sibling without DMD was also recruited. 

The group with DMD performed significantly lower than their healthy siblings on 

language measures that required immediate recall of information, including the Concepts 

and Directions and Recalling Sentences subtests of the Clinical Evaluation of Language 

Fundamentals-3rd Edition (CELF-3; Semel et al., 1995), and also performed significantly 

lower on the CELF-3 Recalling Sentences subtest than the CP comparison group. 

Children with DMD performed significantly better than children with CP on the Peabody 

Picture Vocabulary Test- 3rd Edition (PPVT-III; Dunn & Dunn, 1997), but the difference 

was small. No significant group differences were found on the California Verbal 
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Learning Test for Children (CVLT-C; Delis, 1994), a verbal learning task. Hinton et al. 

(2007) concluded that children with DMD have poor immediate recall when the span of 

verbal information is increased. However, children with DMD performed as well as 

comparison groups on a verbal list learning and retrieval test, indicating intact verbal 

short-term and long-term memory. Hinton et al. (2007) argues that this finding provides 

evidence that children with DMD may have a limited verbal span, but intact ability to 

consolidate and retrieve information. It is important to note that if the hypothesis about 

poor verbal span were correct, children with DMD’s performance on Trial 1 of the 

CVLT-C should have been significantly worse than sibling controls; however, no 

significant differences were found for Trial 1 recall.  

Hinton et al. (2007) suggested that children with DMD may have limited 

immediate storage capacity for verbal information acquired by the phonological loop. 

However, Hinton et al. (2004, 2007) failed to take attentional processes into account 

when examining verbal span in children with DMD.  While both Recalling Sentences and 

Concepts and Directions subtest involve holding and processing verbal information when 

it is initially heard, these measures are also affected by poor attentional control. Without 

additional measures of behavioral and cognitive attention, it cannot be concluded that 

verbal span deficits account for a significant amount of variance over and above 

attentional difficulties. 

Verbal Working Memory  

Other studies have proposed that children with DMD do not have difficulty 

holding and processing verbal material, but display deficits when manipulating this 

information. Baddeley’s working memory model (Baddeley, 1986; Baddeley & Hitch, 
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1974) involves a central executive system, which manages the information stored in two 

slave systems: the phonological loop stores verbal information and the visual-spatial 

sketchpad hold visual-spatial information. The central executive controls and manipulates 

the information in these two subsystems. Many studies have examined children with 

DMD’s ability to manipulate verbal information in the phonological loop, and argue that 

children with DMD have a specific verbal working memory deficit.  

Hinton et al. (2000) examined poor verbal working memory in 92 boys with 

DMD and sibling controls, ages 6 to 16 years. When examining performance on a 

vocabulary test (PPVT-R; Dunn & Dunn, 1987), approximately 11% of the probands of 

children with DMD had a standard score of less than 70, and were removed from 

analyses of the other measures. When comparing the remaining probands’ performance 

with the sibling group, children with DMD performed significantly worse on WISC-III 

Digit Span and Comprehension subtests, but not on the Similarities and Information 

subtests. Consistent with previous studies, children with DMD performed poorly on the 

Digit Span subtest. Children with DMD also performed significantly worse on the Story 

Memory subtest of the WRAML, with no significant differences were found on other 

subtests. Hinton et al. (2000) concluded that poor performance on Digit Span, 

Comprehension, and Story Memory subtests relative to other verbal and memory 

assessments demonstrates that while rote learning and long-term memory skills are intact, 

deficient verbal working memory and auditory comprehension skills characterize the 

cognitive profile of children with DMD. The phonological loop may be negatively 

affected in children with DMD, leading to poor development of verbal working memory 

skills. These hypotheses, however, do not explain why children with DMD would differ 
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on WISC-III Comprehension, but not Information and Similarities because all these 

measures index the same latent construct (verbal comprehension). It is important to note 

that in future studies, Hinton et al. (2004; 2007) go on to conclude that immediate verbal 

memory, or verbal span, and not verbal working memory is the core deficit of children 

with DMD. Throughout the literature, Hinton et al. (2000;2004;2007) are not clear in 

their differentiation between verbal span and verbal working memory.  

Hinton et al. (2001) performed a second study with the same sample of children 

with DMD and healthy siblings, examining verbal working memory and academic skills. 

The authors found that children with DMD had a significantly shorter forward digit span 

and backward digit span than their siblings. It is therefore possible that children with 

DMD have difficulties with both verbal span and verbal working memory. However, 

further assessments and analyses were not conducted. On language measures, children 

with DMD did not differ from sibling controls on measures of phonemic fluency or 

auditory discrimination. However, children with DMD performed significantly worse 

than their unaffected siblings on the Comprehension subtest of the WISC-III and on 

sections 4 and 5 of the Token Test for Children (DiSimoni, 1978) (but not on overall 

Token Test performance). The authors suggest that performance on these measures, as 

well as on Story Memory and Digit Span subtests, indicates poor verbal working 

memory. Children with DMD may have limited capacity in the phonological loop, as will 

as a deficit in rehearsal ability. Poor academic achievement is likely due to poor verbal 

working memory because learning can greatly rely on the ability to hold and manipulate 

new information.  
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There are discrepant findings on whether children with DMD have difficulty 

with verbal working memory. Many studies have concluded that children with DMD 

have specific verbal working memory deficits, but further assessment is needed in order 

to determine the basis for these findings because paradigms for assessing working 

memory were not employed; rather, poor working memory was inferred from broader 

psychometric tests. When examining verbal working memory, selecting tests that are 

uniquely sensitive to this skill is difficult. Based on Digit Span, Verbal Comprehension, 

and Story Memory subtest performance, Hinton et al. (2000) determined that children 

with DMD have deficits in verbal working memory. However, each of these measures 

also requires adequate attention; thus, attention is a possible confound in all three 

subtests, especially Digit Span and Story Memory, where test items can only be verbally 

presented once. Again, it is not clear if children with DMD had more trouble on Forward 

Digit Span, a measure of immediate verbal memory, or Backward Digit Span, a measure 

that involves both span and manipulation of stimuli. The Story Memory subtest of the 

WRAML is also a measure of immediate verbal memory, because opposed to verbal 

working memory, as material just needs to be recalled and not manipulated. When 

measuring constructs that are easily confounded by attention, such as verbal working 

memory, it is essential to administer tests that directly measure specific constructs, as 

well as tests that can account for confounding variables.  

Attention  

Attention Deficit/Hyperactivity Disorder, which is characterized by symptoms 

of inattention, impulsivity, and hyperactivity that are often disruptive in various settings 

and are inconsistent with the individual’s developmental level (APA, 2000), is one of the 
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most common comorbid disorders in boys with DMD (Poysky, 2007). In a review article 

on dystrophin, Mehler (2000) found that patients with DMD might exhibit an increased 

frequency of ADHD. However, few studies have examined cognitive assessments of 

attention and behavioral assessments of ADHD in children with DMD.  

Hendriksen and Vles (2008) investigated comorbid neuropsychiatric disorders 

in boys with DMD through parent report asking whether their child had ever received a 

neuropsychiatric diagnosis by a professional. The sample of 351 children with DMD was 

found to have a 12% ADHD diagnosis prevalence, while a prevalence of 5.4% was found 

in a study of the general elementary school population (Schneider & Eisenberg, 2006).  

Other studies have not supported the finding with DMD have a greater 

prevalence of ADHD. Hinton et al. (2006) examined attention problems in children with 

DMD, healthy siblings, and children with CP by administering the Child Behavior 

Checklist (CBCL; Achenbach, 1991), a broadband behavioral rating scale, to parents of 

boys with DMD, ages 6 to 16. No differences were found on the Attention Problem scale 

of the CBCL between boys with DMD and boys with CP. Scores on the Attention 

Problem scale for boys with DMD were rated as ”clinically significant” more often than 

the sibling group. However, there were no between-group differences when only male 

siblings were included in comparisons. Therefore, boys with DMD were not found to 

have significantly greater attention problems than their male siblings without DMD. The 

CBCL is a limited assessment because it does not align with DSM criteria for ADHD and 

few items actually ask about attention. 

Donders and Taneja (2009) also administered behavioral rating scales to parents 

in order to gather more information about attention problems in children with DMD, 
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including the CBCL, relative to healthy sibling controls. There was not a significant 

difference between groups on the Attention Problem scale of the CBCL. Parents did not 

rate their child with DMD as having significantly greater attentional difficulties than their 

healthy sibling. In order to evaluate working memory and other executive functions in 

children with DMD, Donders and Taneja (2009) also administered the Behavior Rating 

Inventory of Executive Function (BRIEF; Gioia et al., 2000) to parents.  The BRIEF 

Working Memory scale includes items about the child such as forgets what he/she is 

doing, trouble remembering things even for a few minutes, and trouble with chores or 

tasks with more than one step (Gioia et al., 2000). DMD probands did not significantly 

differ from the sibling comparison group on the Working Memory scale of the BRIEF. 

This may indicate that children with DMD do not have difficulty with working memory 

skills as they pertain to the performance of activities of daily living. 

 In contrast to studies of behavioral inattention using rating scales, Cyrulnik et 

al. (2008) evaluated attention in children with DMD using cognitive measures. Twenty 

boys, ages 3 to 6, and sibling controls were administered cognitive measures, including 

the Visual Attention subtest of the A Developmental Neuropsychological Assessment 

(NEPSY; Korkman et al., 1997). This is a timed measure which involves visually 

scanning and marking single and dual targets. Children with DMD performed 

significantly worse on this measure of attention than sibling controls.  

Cotton et al. (1998) also included a cognitive measure of attention when 

examining the neuropsychological profile of DMD. Ten males with DMD, ranging from 

7 to 21 years old, and 10 healthy males matched for age and verbal intelligence were 

administered the Symbol Digit Modalities Test (SDMT; Smith, 1982). The SDMT is a 



Duchenne Muscular Dystrophy 
	  

 

14 

measure of complex attention and involves the participant using a reference key in order 

to quickly pair specific numbers with given geometric figures. Children with DMD 

performed significantly worse than the control group on the SDMT. Cotton et al. (1998) 

concluded that this poor performance may reflect difficulty quickly processing 

information and maintaining attention. However, further assessment is necessary to 

examine whether children with DMD have processing speed deficits, attention deficits, or 

a combination of the two, especially given the motor component of the SDMT.  

Based on the inconsistencies in the current literature, it is clear that attention 

problems in children with DMD need to be further explored. There is disagreement about 

whether children with DMD demonstrate problems with behavioral inattention, cognitive 

attention, or both. Performance on both types of measurements, including behavioral 

rating scales and cognitive assessments, need to be evaluated in order to determine if 

there is a true attention deficit in children with DMD. 

Cognitive Correlates of Academic Skills 

It is clear that there are currently mixed findings when examining academic 

achievement in children with DMD and its associated cognitive underpinnings. There 

appears to be a body of literature examining academic achievement and cognition, and a 

separate existing literature examining attention problems in children with DMD. 

However, no studies have adequately combined these two important areas when 

investigating the neuropsychological profile of individuals with DMD. In order to 

examine the academic and cognitive profile of children with DMD, it is important to 

review the cognitive underpinnings that are implicated in reading and mathematical 

skills.  
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Reading  

Academic-focused literature of children with DMD has primarily examined 

reading and concludes that poor verbal span affects children with DMD’s reading skills. 

However, the existing academic achievement literature does not support verbal span as a 

key cognitive correlate of word recognition. The key academic deficits in children with 

word-level reading disability, or dyslexia, are word decoding and encoding (Share & 

Stanovich, 1995; Vellutino et al., 2004), but what are the core non-reading cognitive 

processes that impact single-word reading ability?  According to Fletcher et al. (2007), 

the cognitive correlates of dyslexia and word recognition are phonological awareness, 

rapid naming, and phonological memory. Phonological awareness is the predominant 

core cognitive correlate of word recognition (Fletcher et al., 2007). Phonemes, or speech 

sounds, are the smallest unit of speech that make a difference in word meaning. 

Phonological awareness can be defined as the metacognitive understanding that the 

words we hear and read have internal structures based on sounds (Blachman, 1997; 

Fletcher et al., 2007; Liberman & Shankweiler, 1991; Share & Stanovich, 1995). There is 

substantial support for the importance of phonological awareness in learning to read and 

its proximal cause of word reading difficulties (Shankweiler & Crain, 1986; Share & 

Stanovich, 1995; Shaywitz, 2004). 

Although not as central to word recognition difficulties as phonological 

awareness, rapid naming and phonological memory are also considered to be cognitive 

correlates of dyslexia, and are correlated with phonological awareness. Rapid naming 

involves rapid automatized naming of letters and digits. Children with dyslexia have 

difficulty on tasks that require them to quickly name letters, digits, or objects (Fletcher et 
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al., 2007). Schatschneider et al. (2004) found that rapid naming of letters and 

phonological awareness can both predict word recognition skills at the end of first grade. 

Phonological memory involves working memory for verbal and/or sound-based 

information. Verbal working memory problems are commonly observed in individuals 

with dyslexia (Siegel, 2003), although it is not clear if assessments of phonological 

memory contribute unique variance once phonological awareness has already been added 

to the model (Wagner et al., 1997; Schatschneider et al., 2004).  

There is abundant evidence that phonological awareness is a core cognitive 

correlate of learning to read words (Fletcher et al., 2007). Studies examining reading 

performance and children with DMD have mainly implicated verbal memory span in 

reading weaknesses (Hinton et al. 2001, 2004). However, verbal memory span has not 

been shown to be strongly linked to reading difficulty in academic achievement literature. 

Therefore, when examining reading performance and possible reading difficulties, 

emphasis has to be removed from verbal span performance in children with DMD. In 

order to determine if children with DMD are characterized by reading difficulties, 

phonological awareness must be adequately evaluated and assessments of rapid naming 

and phonological memory must also be administered.  

Math  

Very few existing studies of children with DMD have focused on the 

development of mathematical skills and possible mathematics difficulties. However, one 

study suggested that children with DMD may struggle with mathematics (Hinton et al., 

2004). Based on reported working memory and attention deficits, it is quite likely that 

children with DMD have difficulty with arithmetic calculations. 
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Math learning differences involve difficulty with computations and problem 

solving (Fletcher et al., 2007). In the present study, arithmetic and algorithmic 

computations will be the area of focus in terms of mathematical skill. Computation is the 

product of knowledge and retrieval of facts, and involves the application of procedural 

knowledge or learning rules and strategies. Execution of math calculations requires 

attention, organization, the ability to switch sets, and the ability to work quickly in order 

to avoid overloading working memory systems (Fletcher et al., 2007). 

Working memory deficits are commonly observed in children with math 

difficulties (Berg, 2008; Passolunghi & Cornoldi, 2008; Passolunghi & Siegel, 2001). 

Berg (2008) examined the relative contributions of verbal working memory, visual-

spatial working memory, processing speed, short-term memory, and reading to arithmetic 

calculation in children through a number of different multiple regression models. Both 

verbal working memory and visual-spatial working memory accounted for significant 

variance in arithmetic calculation in the presence of processing speed and short-term 

memory. Similar findings were found in a recent meta-analysis of 28 studies examining 

the cognitive characteristics of children with and without math difficulties, in which 

verbal working memory was a unique predictor of children with math difficulties, even 

after controlling for age, IQ, naming speed, and short-term memory for words and digits 

(Swanson & Jerman, 2006).  

The problem with these findings is that measures of verbal working memory in 

previous studies often require the use of numerical information (e.g., digit span backward 

and counting span) (Raghubar et al., 2010). Passolunghi and Cornoldi (2008) 

administered working memory tasks that required manipulation of verbal information 
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(Word Span Backward Task) and numerical information (Digit Span Backward Task) to 

children with specific arithmetic difficulties and typically achieving children. Children 

with arithmetic difficulties performed significantly worse than typically achieving 

children on the Digit Span Backwards Task. However, when working memory was 

measured with non-numerical material (i.e., words as opposed to numbers), there was no 

difference between groups. Children with math difficulties may only display deficits in 

verbal working memory when the task involves the type of material (numbers) with 

which these children have the most difficulty. 

 In a review of working memory and mathematics, Raghubar et al. (2010) 

examined working memory deficits in children with poor mathematical performance and 

also concluded that numerical measures of verbal working memory are more frequently 

related to math difficulties than non-numerical verbal measures of working memory. 

Children with math difficulties may show poorer performance on working memory tasks 

when items administered are related to their main area of difficulty (digits). When 

evaluating working memory in children with mathematical difficulties, the type of stimuli 

used (e.g., verbal vs. numerical) is extremely relevant. In order to evaluate working 

memory in a subgroup that potentially has difficulty with math, such as children with 

DMD, it is essential to evaluate verbal working memory for both numerical and non-

numerical material. Because children with DMD may have cognitive deficits specific to 

verbal span (Hinton et al., 2007), it is important to note that studies examining verbal 

span do not consistently differentiate between children with and without math difficulties 

(Raghubar et al., 2010). 
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When examining working memory and its relation to mathematical 

performance, it is also important to take into account the contribution of attention to both 

working memory and mathematics. Studies have consistently shown a relation between 

inattention and a variety of mathematical skills (Fuchs et al., 2005, Fuchs et al., 2006, 

Cirino et al., 2007, Huckeba et al., 2008, Lindsay et al., 2001). Fuchs et al. (2006) 

examined the contribution of attention to different aspects of mathematical performance, 

including arithmetic, algorithmic computation, and arithmetic word problems. Unique 

and direct relations were found between attentive behavior, as measured by the Strengths 

and Weaknesses of ADHD-Symptoms and Normal-Behavior (SWAN) scale (Swanson et 

al., 2008), and a composite measure of arithmetic skills. Teacher ratings of attentive 

behavior were found to be the most robust predictor for mathematical performance, even 

in relation to cognitive assessment of arithmetic skill (Fuchs et al., 2006). In a treatment 

study in which individuals were identified as at-risk for Math Difficulties (MD) and 

randomly assigned to a tutoring or control group, Fuchs et al. (2005) found that teacher 

ratings of attention/distractibility on the short form of the Social Skills Rating System 

(SSRS; Gresham & Elliot, 1990) were the most robust predictor of treatment outcome. 

For basic fact fluency and math computations, teacher ratings of inattention, but not 

impulsivity, were unique predictors of performance.  

Lindsay et al. (2001) examined cognitive attention in children with MD by 

using the Conners’ Continuous Performance Test (CPT; Conners, 1994), a measure of 

sustained attention that requires inhibition of prepotent responses. Children with MD 

were less consistent in response latency compared with controls, even as they made more 

omission errors (failed to press a key when required). According to Lindsay et al., the 
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high number of omission errors made by the MD group could be evidence of a loss of 

“attentiveness.”  In another study examining arithmetic performance and attention, 

Huckeba et al. (2008) found that attentional deficits were significantly related to poor 

arithmetic skill by administering various math measures and the Test of Variables of 

Attention (TOVA; Greenberg, 1990, 1993) to a sample of children with Tourette 

syndrome (TS) and an age-matched comparison group. Children with TS were grouped 

based on their mean z-scores from three scales of the TOVA: commission errors, 

omission errors, and response time. Three groups were formed: the high-, mid-, and low- 

attention subgroups. Only the low-attention subgroup differed significantly from the 

comparison group on all three TOVA variables. Response time was most closely 

associated with arithmetic performance in the Tourette syndrome group and may reflect 

deficient arousal to stimuli (Huckeba et al., 2008).  

There is considerable overlap between attention and working memory in 

relation to mathematical performance (Raghubar et al., 2010), and both constructs must 

be taken into account when examining mathematical performance in clinical populations. 

Lui and Tannock (2007) examined the relation between working memory performance 

and parent ratings of behavioral attention in a community sample. All working memory 

tasks correlated significantly with each other, and a composite working memory score 

was computed. Parents were administered the SWAN to assess inattention and 

hyperactivity/impulsivity. To test if working memory performance would predict 

behavioral inattention, a multiple regression with SWAN Inattention scores as the 

dependent variable was analyzed, in which working memory performance, age, and 

gender were added as predictors. This multiple regression analysis showed that the 
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working memory composite contributed a significant amount of unique variance to 

SWAN behavioral inattention ratings over and above age and gender (Lui & Tannock, 

2007). In a second multiple regression analysis, the working memory composite did not 

contribute a significant amount of unique variance to SWAN behavioral 

hyperactivity/impulsivity ratings. Therefore, a link appears to exist between working 

memory and behavioral inattention in children, which may have implications for studies 

involving academic achievement (Lui & Tannock, 2007). 

There is a clear link between working memory performance and inattention, in 

which working memory performance predicts significant and unique variance in 

behavioral inattention ratings (Lui & Tannock, 2007). It has also been shown that both 

working memory and inattention are cognitive correlates of math performance. It is not 

clear if children with DMD do in fact exhibit math difficulties, and if this difficulty is due 

to working memory deficits, inattention, or both. To examine mathematical performance 

in children with DMD, computational skills must be assessed along with various 

measures of working memory (numerical vs. non-numerical) and inattention (behavioral 

vs. cognitive). 

Rationale for the Present Study 

  The aim of the present study is to examine academic achievement in math and 

reading in a population of children with DMD. There are different hypotheses about the 

core cognitive deficits characterizing children with DMD. Some studies suggest that the 

cognitive profile of children with DMD is characterized by poor verbal span (Hinton et 

al., 2004; Hinton et al., 2007); others support poor verbal working memory as the core 
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deficit (Hinton et al., 2000; Hinton et al., 2001). Attentional difficulties have also been 

proposed as the core deficit in children with DMD (Cotton et al. 1998; Cyrulnik et al., 

2008; Hendriksen and Vles, 2008). However, these core cognitive and behavioral deficits 

have not been adequately studied in relation to academic achievement. It is not clear if 

the academic deficits seen in children with DMD are similar to the specific deficits seen 

in learning disabilities (LD), or if a different academic performance pattern occurs from 

verbal span, verbal working memory, and attentional difficulties causing general 

academic deficits.  

I proposed to study these possible core cognitive deficits in relation to 

academics. In the present study, cognitive correlates of reading and math were analyzed; 

this included measures of phonological awareness, rapid naming, and phonological 

awareness for reading, and verbal working memory of numerical and non-numerical 

information and behavioral and cognitive attention for math. Analyses more closely 

explored the relation among attention, working memory, and math in children with 

DMD. 

1. Children with DMD were hypothesized to exhibit poor academic skills 

across math and reading and to perform significantly worse than siblings on all academic 

measures.  

2. If children with DMD exhibited specific reading difficulty, then their 

performance would depend on the cognitive characteristics of their reading deficit: a) 

Deficits in phonological awareness would be found if children with DMD exhibit word-

level reading difficulties; b) Deficits in rapid naming would be found if children with 
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DMD exhibit poor reading fluency; c) Deficits in vocabulary would be found if children 

with DMD exhibit poor reading comprehension.  

3.  If children with DMD exhibited a specific arithmetic difficulty, then it 

was hypothesized that they would perform significantly worse than a sibling comparison 

group on behavioral and cognitive measures of attention.  

4. If this pattern of academic achievement and its correlates was not found, 

then verbal span and verbal working memory may contribute uniquely to academic 

performance in children with DMD.  

Method 
Participants 

Children and adolescents between the ages of 6 and 16 years (N = 27) were 

recruited for this study. The group with DMD (n = 19) was recruited from the Muscular 

Dystrophy Association Clinic in the Division of Pediatric Neurology at Texas Children’s 

Hospital. Selection criteria included English as a primary language who were otherwise 

in good general health. Diagnosis of DMD was made by a pediatric neurologist and based 

on clinical documentation of progressive muscle weakness before 5 years of age, along 

with either molecular genetic testing for mutation of the DMD gene, a muscle biopsy that 

was deficient in dystrophin and compatible with DMD, or both. 

When possible, one healthy sibling without DMD (N = 8) was recruited from 

each family. Selection criteria included children between the ages of 6 and 16 years, 

English as a primary language, and in good general health. When more than one control 

sibling was available, preference was given first to male siblings and then to siblings 

closest in age. 
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Participants were excluded if they obtained a score two standard deviations 

below average on an IQ composite, and if they had neurological disorders unrelated to 

DMD, severe psychiatric disorder, or uncontrolled seizure disorder. Participants were not 

excluded for history of ADHD, since a comorbidity of ADHD is common in the DMD 

literature. Two children with DMD did not meet the IQ criterion and were excluded, 

leaving a final sample of 17 with DMD and 8 sibling comparisons. 

Sociodemographic information for participants is presented in Table 1 for the 

entire sample and Table 2 for sibling pairs. As Table 1 shows, the two groups did not 

significantly differ on age, t(23) = 0.62, p < 0.54. Table 1 shows that the groups 

significantly differed on gender, Χ2(1) = 10.12, p < 0.01. This finding was expected since 

the gene for DMD is expressed primarily in males and I was unable to recruit any females 

with DMD for the current study. The groups did not differ significantly on ethnicity, 

Χ2(3) = 1.76, p > 0.62, or reduced/free lunch status at school, Χ2(1) = 0.02, p > 0.89.  

As Table 2 shows, the DMD-sibling pairs did not significantly differ on age, 

t(14) = 1.42, p < 0.18, although the group with DMD tended to be older. As expected, 

pairs significantly differed on gender, Χ2(1) = 5.33, p < 0.02. The pairs did not differ 

significantly on ethnicity or reduced/free lunch status at school, as each sibling pair was 

from the same family. 

Measures 

Academic Achievement 

Kaufman Test of Educational Achievement-II (KTEA-II; Kaufman 2004a). The 

KTEA-II is a measure of achievement in which word reading and arithmetic calculations 

can be assessed. The KTEA-II age-norm sample comprises 3000 individuals in over 253 
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geographically diverse communities. The Reading Composite combines Letter & Word 

Recognition and Reading Comprehensions subtests. The Letter & Word Recognition 

subtest assesses the ability to read real words; the Reading Comprehension subtests 

assessed the ability to read simple passages in order to answer questions based upon the 

material. The Nonsense Word Decoding subtest was also administered in order to assess 

the ability to read phonetically. The internal consistency for these three reading subtests 

ranges from 0.89 to 0.98 for students grades K-8 (Kaufman & Kaufman, 2004). The 

reliability of the reading composite ranges from 0.94 to 0.99 for students grades K-8 

(Kaufman & Kaufman, 2004a). The Math Computation subtest was administered to 

assess arithmetic calculations. This subtest requires counting, the identification of 

numbers, number comparisons, and computations that increase in difficulty. The internal 

consistency for the Math Computation subtest ranges from 0.88 to 0.96 for students 

grades K-8 (Kaufman & Kaufman, 2004a). 

Reading Skills 

Test of Word Reading Efficiency (TOWRE; Torgesen et al., 1999). The 

TOWRE is comprised of the Sight Word Efficiency subtest and the Phonemic Decoding 

Efficiency subtest. The Sight Word Efficiency subtest assesses the timed reading of real 

words presented in a list format. The Phonemic Decoding Efficiency subtest assesses the 

timed reading of phonetically correct pseudowords. The TOWRE composite combines 

these two subtests. The TOWRE was normed on 1,507 6-24 year old individuals in 30 

states. Alternate forms and test retest reliability coefficients exceed 0.90 in this age range 

(Torgesen et al., 1999).  
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Comprehensive Test of Phonological Processing (CTOPP; Wagner et al., 1999). 

Subtests from the CTOPP was used to assess phonological awareness and rapid naming. 

The Phonological Awareness Composite is comprised of two subtests, Elision and 

Blending Words. The Elision subtests assesses the ability to delete specific sounds from 

an orally presented word. The Blending Words subtest assesses the ability to combine 

sounds to form whole words.  

The Rapid Naming Composite is comprised of two subtests, Rapid Digit 

Naming and Rapid Letter Naming. The Rapid Digit Naming subtest is a 72-item timed 

subtest (four rows and nine columns of six randomly arranged digits across two pages) 

that measures the speed with which the child can name the digits. The Rapid Letter 

Naming subtest is a 72-item timed subtest that measures the speed with which the child 

can name the letters. There is no ceiling on these subtests. The raw score represents the 

total number of digits or letters correctly identified divided by the total time to identify 

items.  

The CTOPP was normed on 1,656 individuals ages 5-24. Coefficient alpha for 

this sample ranges from 0.81 to 0.92 for the Elision subtest, and from 0.78 to 0.89 for the 

Blending subtest. For the rapid naming subtests, coefficient alpha for this sample ranges 

from 0.75 to 0.96 for the Rapid Digit Naming subtest, and from 0.70 to 0.92 for the Rapid 

Letter Naming subtest.  

Measures of Attention 

Strengths and Weaknesses of ADHD-Symptoms and Normal-Behavior Scale-IV 

(SWAN-IV; Swanson et al., 2008). The SWAN-IV is an 18-item teacher rating scale of 

behavioral inattention. Behaviors corresponding to the criteria for ADHD from the 
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Diagnostic and Statistical Manual of Mental Disorders (4th ed.; American Psychiatric 

Association, 1994) are rated on a 7-point Likert scale; the ratings range from -3 to +3, 

with more negative scores corresponding with problematic behavior. The SWAN-IV has 

been shown to significantly correlate with other dimensional assessments of behavioral 

inattention (Swanson et al., 2008). Coefficient alpha for inattention and 

hyperactivity/impulsivity in this sample was 0.97 (Fuchs et al., 2006). 

Stop Signal Task (Schachar et al., 2007). The stop signal task is a computer task 

which assesses motor response inhibition. It has reliably been shown that performance on 

the stop signal task differentiates children with clinical ADHD from controls (Wilcutt et 

al., 2005). The stop signal task involves both a go and a stop task, and was presented 

through Presentation, an experiment application, on a Dell laptop. The go task involves a 

choice reaction time task in which participants are required to make a response to one of 

two possible letters (an X or an O). Participants are encouraged to respond as quickly and 

accurately as possible by pressing buttons on a game controller, one button for an X and 

the other for an O (the two go stimuli). The stop task involves an auditory signal, which 

is presented at random on 25% on the trials. When the auditory signal is presented, 

participants are instructed to withhold their response on that particular trial. There are two 

types of stop signals: The restraint stop signal is always presented at the same time as the 

go stimulus; the cancellation stop signal is always presented after the go stimulus, and the 

delay between the go stimulus and stop signal was automatically adjusted by the 

computer based on participant’s performance. The cancellation stop signal is initially 

presented with a 250 ms delay. If the participant is able to inhibit his or her response to 

that trial, the delay will increase by 50 ms in order to make it more difficult for them to 
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withhold their response. If the participant is unable to inhibit his or her response, the 

delay will be decreased by 50 ms in order to make it easier for them to withhold their 

response. This computer adaptive tracking procedure allows one to find the point at 

which the participant can stop their responses on 50% of stop trials on average (the 

probability of inhibition). 

The stop signal task can be modeled as a race between two independent 

processes; the response execution initiated by the presentation of the go signal and the 

stop process initiated by the presentation of the stop signal (Logan et al., 1984; Logan, 

1994; Schachar et al., 2007). If the stop process finishes this race first, the response is 

stopped, whereas if the go process finishes the race first, the response is carried out as if 

no stop signal were presented (Schachar et al., 2007). The outcome of this race allows us 

to calculate the stop signal reaction time (SSRT), or the latency of the stopping process. 

The SSRT cannot be measured directly, but reflects the reaction time to the stop signals, 

that is the time it takes to react to a stop signal by withholding a planned response 

(Tillman et al., 2008). The SSRT is estimated by subtracting the mean delay between the 

onset of the go stimulus and the stop signal from the mean go reaction time when there is 

no stop signal. Tillman et al. (2008) found that a longer SSRT was linked to higher levels 

of inattention. Results of this study also found that the SSRT was significantly related to 

teacher ratings of inattention as well as cognitive measures of inhibition, such as a 

continuous performance task (Tillman et al., 2008). 

Measures of Verbal Span and Verbal Working Memory 

Digit Span. The Digit Span subtest of the WISC-IV (Wechsler, 2003) is a 

measure of immediate auditory memory and requires the repetition of a series of digits 
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that the examiner reads aloud. The Digit Span subtest is comprised of two parts: Digit 

Span Forward and Digit Span Backward. The Digit Span Forward subtest requires the 

repetition of a series of digits increasing in length from two to eight digits. The Digit 

Span Backward subtest requires the repetition of a series of digits in reverse order. There 

are two series of digits for each sequence length. The WISC-IV was normed on 2200 

children ages 6-16; the internal consistency for the Digit Span subtest ranges from 0.81 to 

0.92. 

Automated Working Memory Assessment (AWMA; Alloway et al., 2007). The 

AWMA is a computer administered assessment of working memory skills for individuals 

4 to 22 years of age. The availability of a computer-based assessment of verbal span and 

verbal working memory allows for greater standardization of presentation of the material. 

The Word Recall subtest is a measure of verbal short-term memory. This verbal span test 

involves the administration of monosyllabic words with a consonant-vowel-consonant 

structure. The participant hears this sequence of words and attempts to recall each word 

in the correct order. The Listening Recall subtest is a measure of verbal working memory. 

The participant hears a series of individual sentences and judges if each sentence is true 

or false. At the end of the trial of sentences, the participant attempts to recall the final 

word of each sentence in the correct order. The AWMA was normed on 746 children 

ages 4-11 and 351 children ages 12-18. Test-retest reliability is 0.88 for both the Word 

Recall and Listening Recall subtests.  

Vocabulary and Nonverbal Reasoning 

Kaufman Brief Intelligence Test-2 (KBIT-2; Kaufman & Kaufman, 2004b). The 

KBIT-2 is a screening measure of general intellectual ability and was standardized on a 
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sample of 2,120 individuals ages 4-90. The Verbal Knowledge subtest assesses receptive 

vocabulary and general information (e.g., nature, geography) by requiring a participant to 

choose one of six illustrations that best corresponds to an examiner question. The 

Matrices subtest assesses nonverbal problem solving and requires participants to choose a 

diagram from among five or six choices that either “goes with” a series of other 

diagrams, completes a series, or completes a 2 X 2 or 3 X 3 analogy. Both subtests are 

good indicators of overall intellectual functions. Internal consistency ranges from 0.86- 

0.89 for Verbal Knowledge and 0.78-0.88 for Matrices in students 5-8 years of age 

(Kaufman & Kaufman, 2004b). The K-BIT 2 also has a Riddles subtest that was not 

utilized; instead, the Verbal Knowledge scaled score and Matrices standard score were 

reported.   

Procedures 

Recruitment began in May 2011, when IRB approval was granted for this 

project. At this time, a recruitment letter was sent to all families with a child with DMD 

who was eligible for the study. With the help of research assistants and graduate students, 

these families were then called and encouraged to participant in the study. It was 

emphasized that children who participated would receive a neuropsychological report and 

parking would be covered during the study. Throughout the summer of 2011, 5-7 

participants were scheduled but only two were tested due to a large number of 

cancellations and “no-shows.” In the fall of 2011, greater efforts were made to make 

phone calls but no participants kept their appointments. In December, I flew down to 

Houston and met with Dalia DeLeon, the director of the Muscle Dystrophy Association 

(MDA), and she agreed to help recruit participants for the study. At this point, 
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recruitment began improving. It was suggested that families would be more likely to 

participate in the study if they did not have to make a separate trip to Texas Children’s 

Hospital. I made a list and called all the DMD patients with appointments in the MDA 

Clinic through July 2012, letting them know it could be arranged for them to participate 

in the study the same day (in most cases directly before/after their appointment). I called 

families repeatedly until I reached each one. If a family was only available on weekends, 

we arranged for them to be tested at the UH Medical Center Annex. I also heavily 

recruited for the week of spring break, since school would not be a conflict for children, 

and came to Houston to test these participants. I continued to call and schedule 

participants regularly and repeatedly until July 1, 2012. Despite these efforts, only 19 

families participated, although 27 had been scheduled. Many families simply declined 

participation. 

Child/adolescent participants and/or their parents were asked to give permission 

for the patient’s medical information to be used for clinical research. Patients and their 

parents were given information about the study, including possible benefits of the study, 

and were told that no significant risk is involved in participating in the study. Written 

informed consent and assent was obtained before the testing began. Participants were 

tested in a quiet setting and administered cognitive and academic measures individually 

by a trained examiner at either Texas Children’s Hospital or the University of Houston 

Texas Medical Center Annex. The AWMA and the Stop Signal Task were administered 

individually on a PC laptop. Parents were asked to complete a history form and the 

SWAN rating scale for their child with DMD and, when available, their healthy sibling. 
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Approximately two hours were required for each child to complete testing, and parents 

spent approximately 20 minutes completing questionnaires. 

Methods of Analysis 

Two approaches were taken when assessing Hypotheses 1-3. For the first 

approach, comparisons were made between the entire group with DMD and the sibling 

comparison group using descriptive statistics and effect sizes. Because of the small 

sample size, the distribution of data for all participants in each group was described for 

academic and cognitive measures. Mean differences and confidence intervals (95%) were 

compared between the two groups, with 95% confidence intervals that overlap by one 

quarter of the average length of the two intervals (or less) indicating an important 

difference. Interpretation of effect sizes was based on the following criteria: d = .20 

indicated a small effect, d = .50 indicated a medium effect, and d = .80 indicated a large 

effect (Cohen, 1988). Parametric statistics were not computed because of the small 

sample size and because not all children had siblings.  

The second approach only involved comparisons of the DMD-sibling pairs. 

Because of the dependence that may occur when using siblings as a comparison group, a 

difference variable for each of the variables of interest was computed for the 8 DMD-

sibling pairs. One sample t-tests were performed to determine the significance of these 

difference scores, with p < 0.10 indicating significance. A higher level of alpha was 

chosen because of the small sample size and the need to balance risk for Type I and Type 

II errors. 

For Hypothesis 4, Pearson correlations within the DMD group were performed 

where correlations between measures of working memory, verbal span, attention, and 
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language were looked at separately with both the KTEA-II Reading Composite and the 

KTEA-II Math Computation Test. For Pearson correlation coefficients, alpha was set at 

0.05 to control for Type I errors. The approximate size of the correlation detected at this 

level is 0.5 and Pearson correlation coefficients will be interpreted as significant at ≥ 0.5.  

Results 

Hypothesis 1: Academic Measures 

Distributions 

For academic achievement measures, skewness and kurtosis were well within a 

tolerable range for assuming a normal distribution for both groups. However, 

examination of histograms suggested a larger dispersion than expected, which is not 

unusual in a “clinical group”.  

In the group with DMD, five children did not exhibit scores below the 25th 

percentile on any measure of word recognition, reading fluency, reading comprehension, 

or math computations, indicating that low academic performance was common in this 

group of children with DMD. Six children performed below the 25th percentile on a 

measure of word recognition, ten children performed below the 25th percentile on a 

reading comprehension measure, and eight children performed below the 25th percentile 

on a reading fluency measure. Eight children performed below the 25th percentile on a 

math computation measure. Of these eight children, six also had a reading problem 

involving word recognition, reading comprehension, and reading fluency. 

In the sibling comparison group, four children did not exhibit scores below the 

25th percentile on any measure of word recognition, reading fluency, reading 

comprehension, or math computations. One child performed below the 25th percentile 
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across math and reading measures. Two children performed below the 25th percentile on 

a word recognition measure and a reading comprehension measure. One of these children 

also performed below the 25th percentile on a math computation measures. One child 

performed below the 25th percentile on a reading fluency measure.  

Mean Differences and Effect Sizes 

Table 3 shows the group means, standard deviations, and effect sizes for 

academic achievement measures. Children with DMD obtained lower scores than the 

sibling comparison group on all measures of math and reading skills. Examination of 

mean differences indicated a small difference between groups on the KTEA-II Letter & 

Word recognition subtest (d = 0.47). Medium effect sizes were found between groups on 

the KTEA-II Reading Comprehension subtest (d = 0.69), Reading Composite (d = 0.63), 

and Nonsense Word Decoding subtest (d = 0.59). A large effect size was found between 

groups on the TOWRE Reading Efficiency Composite (d = 0.92). Confidence intervals 

significantly overlapped on all reading measures. A large effect size was found between 

groups on the Math Computation subtest (d = 0.80), though confidence intervals 

significantly overlapped on this measure.  

DMD-Sibling Pairs 

Table 4 shows the mean differences and t-statistics for academic performance 

between DMD-sibling pairs. Examination of mean differences between sibling pairs (n = 

8) indicated that children with DMD performed significantly lower than their siblings on 

the KTEA-II Math Computation subtest, t(7) = 2.43, p < 0.05. In addition, examination of 

mean scores shows that the children with DMD in DMD-sibling pairs had scores that 

were lower than the larger DMD sample (Table 3). Children with DMD also performed 
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significantly lower than their siblings on the TOWRE Reading Efficiency Composite, t(7) 

= 2.21, p < 0.06. No significant differences were found for DMD-sibling pairs on any 

KTEA-II reading measures. However, the pattern of lower mean scores parallels findings 

from the larger sample. 

Hypothesis 2: Reading Related Measures 

Distribution 

Skewness and kurtosis were well within a tolerable range for assuming a normal 

distribution for both groups, with the exception of positive skewness and significant 

kurtosis for the sibling group on the CTOPP Rapid Letter subtest and the Rapid Naming 

Composite. Again, examination of histograms suggested a larger dispersion than 

expected. This is likely due to individual variability within the small sample size. 

Mean Differences and Effect Sizes 

Table 5 presents group means, standard deviations, and effect sizes for proposed 

correlates of reading. Examination of mean differences indicated a large difference 

between groups on the CTOPP Phonological Awareness composite (d = 0.87) and a small 

difference between groups on the CTOPP Rapid Naming Composite (d = 0.31). No 

substantial difference was found between groups on the KBIT-2 Verbal Knowledge 

subtest (d = 0.09). A large difference was found between groups on the AWMA 

Listening Recall subtest (d = 1.23), in which children with DMD obtained lower scores 

than the sibling comparison group. Children with DMD were found to perform better 

than the control group on the AWMA Word Recall subtest, though this difference was 

small (d = -0.32). However, both children with DMD and the sibling comparison group’s 
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performance on this task was below the 25th percentile. Confidence intervals significantly 

overlapped on all measures. 

DMD-Sibling Pairs 

Table 6 shows the mean differences and t-statistics between sibling pairs for 

performance on reading correlates. Examination of mean differences between DMD-

sibling pairs (n = 8) indicated that children with DMD performed significantly worse than 

their siblings on the AWMA Listening Recall subtest, t(7) = 4.72, p < 0.01. Children with 

DMD also performed significantly worse than their siblings on the CTOPP Rapid 

Naming Composite, t(7) = 2.01, p < 0.08. In addition, examination of mean scores shows 

that the children with DMD in DMD-sibling pairs had scores that were lower than the 

larger DMD sample (Table 5). No other significant differences were found for DMD-

sibling pairs on other measures of reading and its correlates. However, the pattern of 

lower mean scores parallels findings from the larger sample.  

Hypothesis 3: Math Related Measures  

Distribution 

The distribution of SWAN-IV inattention scores and Stop Signal SSRT scores 

were positively skewed in the DMD group, but not in the sibling comparison group. This 

may be because the DMD group is more impaired on these measures. Skewness and 

kurtosis were well within a tolerable range for assuming a normal distribution for both 

groups on the KBIT-2 Matrices subtest and the Digit Span subtest. Again, examination of 

histograms suggested a larger dispersion than expected. This is likely due to individual 

variability within the small sample size. 

Mean Differences and Effect Sizes 
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Table 7 presents group means, standard deviations, and effect sizes for proposed 

correlates of math measures. Examination of mean differences indicated that children 

with DMD were rated with more inattentive behavior than the control group on the 

SWAN-IV inattention scale (d = 2.68). They also had a slower SSRT than the control 

group on the Stop Signal Task (d = -1.71). A large effect size was found between groups 

on the KBIT-2 Matrices subtest (d = 0.82). No difference was found between groups on 

the Digit Span subtest (d = 0.15). Confidence intervals significantly overlapped on all 

measures. 

DMD-Sibling Pairs 

Table 8 shows the mean differences and t-statistics between sibling pairs for 

performance on math cognitive correlates. Examination of mean differences between 

sibling pairs (n = 8) indicated that children with DMD performed significantly lower than 

their siblings on the KBIT-2 Matrices subtest, t(7) = 3.04, p < 0.02. No significant 

differences were found for sibling pairs on measures of behavioral and cognitive attention 

or the Digit Span subtest. The pattern of mean scores differs from the larger sample for 

measures of cognitive and behavioral attention; children with DMD with a sibling pair 

were rated as less inattentive and exhibited faster SSRTs than the larger sample. For the 

KBIT-2 Matrices subtest and the Digit Span subtest children with DMD in DMD-sibling 

pairs had scores that were lower than the larger DMD sample (Table 7). 

Hypothesis 4: Relations between Academic Achievement, Verbal Span, Verbal Working 

Memory, Attention, and Language 

Table 9 shows Pearson correlations between academic measures and cognitive 

measures. Pearson correlations between reading performance and verbal span, verbal 
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working memory, attention, and language measures in children with DMD revealed a 

significant correlation between the KTEA-II Reading Composite and the Digit Span 

subtest score (r  = 0.65), AWMA Listening Recall score (r  = 0.55), and AWMA Word 

Recall score (r = 0.69). Significant correlations were also found between the KTEA-II 

Reading Composite score and the CTOPP Phonological Awareness Composite (r = 0.81), 

KBIT-2 Verbal Knowledge subtest (r = 0.51), and KBIT-2 Matrices subtest (r = 0.53). 

Correlations were not statistically significant between the KTEA-II Reading Composite 

and the CTOPP Rapid Naming Composite (r = 0.34), SWAN-IV inattention score (r  = 

0.35) or SSRT (r  = -0.38). 

Pearson correlations between math performance and verbal span, verbal 

working memory, attention, and language measures in children with DMD also revealed 

a significant correlation between the KTEA-II Math Computation subtest scores and the 

Digit Span subtest score (r  = 0.69), AWMA Listening Recall score (r  = 0.68), and 

AWMA Word Recall score (r = 0.58). Significant correlations were also found between 

the KTEA-II Math Computation subtest score and the CTOPP Phonological Awareness 

Composite (r = 0.73), CTOPP Rapid Naming Composite (r = 0.56), KBIT-2 Verbal 

Knowledge subtest (r = 0.53), and KBIT-2 Matrices subtest (r = 0.53). Correlations were 

not significant between the KTEA-II Math computation subtest and SWAN-IV 

inattention score (r  = 0.31) or SSRT (r  = -0.40). 

Discussion 

The purpose of the present study was to further explore the neuropsychological 

profile of children with DMD by examining academic achievement and its core cognitive 

correlates. Many studies have found poor academic achievement in children with DMD, 
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even when IQ differences are taken into account (Hendriksen & Vles, 2006; Hinton et al., 

2004). Studies suggest that the cognitive profile of children with DMD may be 

characterized by poor verbal span (Hinton et al., 2004; Hinton et al., 2007), which then 

lead to poor phonological decoding skills; other studies suggest poor verbal working 

memory (Hinton et al., 2000; Hinton et al., 2001) leads to more generalized academic 

difficulties. Attentional difficulties have also been proposed as the core deficit in children 

with DMD (Cotton et al. 1998; Cyrulnik et al., 2008; Hendriksen and Vles, 2008), which 

may lead to poor academic achievement. It is still unclear whether academic difficulties 

seen in children with DMD are similar to specific deficits seen in LD, or if a different 

academic performance pattern occurs from difficulties in verbal span, verbal working 

memory, and attention. By examining possible core cognitive deficits in relation to 

academic achievement, the neuropsychological profile of children with DMD can be 

better understood. 

Academic Achievement 

Children with DMD were hypothesized to perform significantly worse than 

siblings on all academic measures. On average, children with DMD obtained lower 

scores than the sibling comparison group across measures of math and reading, with 

mean performance below the 25th percentile on measures of reading comprehension, 

reading fluency, and math. By examining effect sizes, large differences were found on 

measures of reading fluency and math computation, medium differences were found on 

measures of reading comprehension and phonological decoding, and a small difference 

was found on a measure of word reading. 
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When sibling pairs were examined, children with DMD performed worse than 

their siblings on all measures of math and reading based on mean differences. Children 

with DMD’s average performance was also below the 25th percentile on each of these 

measures. With the exception of one DMD-sibling pair, each child with DMD performed 

worse than his sibling on these measures. Examination of mean scores revealed that the 

children with DMD received scores that were lower than the larger DMD sample. 

Cognitive Correlates of Reading 

Although children with DMD performed worse than a sibling comparison 

group on all measures of reading, it remains unclear whether the reading deficits seen in 

children with DMD are similar to the specific deficits seen in LD. If children with DMD 

do, in fact, show a similar pattern as seen in LD, they would be expected to demonstrate 

deficits in phonological awareness, rapid naming, and vocabulary because of their lower 

performances across measures of word reading, reading fluency, and reading 

comprehension. Indeed, children with DMD obtained lower scores than the sibling 

comparison group and had a mean performance below the 25th percentile on measures of 

phonological awareness and rapid naming. Moreover, when analyzing mean differences 

between DMD-sibling pairs, children with DMD significantly differed from their siblings 

on measures of rapid naming and phonological awareness. No differences were found on 

a measure of verbal knowledge, which is the most robust predictor of general verbal 

intelligence (Sattler, 2001); therefore, low general verbal ability does not explain why 

this group of children with DMD displayed reading difficulties. This finding is different 

from previous studies which have found that verbal IQ is lower in children with DMD 

(Karagan et al., 1978; Karagan et al., 1980; Dorman et al., 1988; Appleton et al., 1991). 
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Some studies have proposed that poor verbal span and verbal working memory 

may lead to poor phonological decoding skills, and ensuing reading difficulties (Hinton et 

al., 2000; Hinton et al., 2001; Hinton et al., 2004; Hinton et al., 2007). Although children 

with DMD did not exhibit deficits in verbal span compared to the sibling comparison 

group, they performed worse than the comparison group and matched siblings on a 

measure of verbal working memory. Indeed, the DMD group’s performance was lower 

than the sibling comparison group by greater than one standard deviation, indicating a 

significant difference. This suggests that children with DMD have specific deficits in 

verbal working memory and that this deficit affects the development of reading. Working 

memory for verbal information is necessary for both word recognition and reading 

comprehension (Fletcher et al., 2007). Word recognition involves working memory for 

sound-based information (Fletcher et al., 2007). Reading comprehension makes demands 

on working memory; verbal working memory can be both a storage resource, where 

words and sentences are held and integrated with prior knowledge, and also a mental 

workspace where previous interpretations of what we read can be revised as more 

incoming information is received (Barnes et al., 2007).  

Cognitive Correlates of Math 

Although previous studies have focused on reading and phonological deficits 

in children with DMD, these children appear to have significant difficulties in 

mathematics. Children with DMD exhibited difficulty with arithmetic calculations 

compared to the comparison group and sibling pairs, suggesting the possibility of deficits 

in the cognitive correlates of math: behavioral and cognitive measures of attention, 

working memory for numerical information, and nonverbal problem solving. Children 
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with DMD did receive higher parental ratings of inattentive behavior than the comparison 

group. They also exhibited a slower stop signal reaction time than the comparison group, 

indicating higher levels of cognitive inattention (Tillman et al., 2008). However, 

significant differences were not found when each child with DMD was directly compared 

to his sibling, although mean differences indicated that children with DMD did receive 

higher ratings of inattention and performed slightly slower than siblings on the stop 

signal task. Although significant differences were not found on cognitive and behavioral 

attention measures within DMD-sibling pairs, we cannot include that children with DMD 

do not exhibit difficulties with inattention. Different measures of behavioral and 

cognitive attention may better capture inattention in children with DMD. Although the 

SWAN-IV inattention scale have been found to be a reliable and robust predictor for 

mathematical performance (Fuchs et al., 2006), this measure is typically utilized as a 

teacher rating scale. The reliability of this measure is not known for parent ratings. In 

terms cognitive attention, problems exist with the construct validity of the SSRT as a 

measure of behavioral validity Reliability of the stop signal task (Alderson et al., 2007; 

Lijffijt et al. 2005).   

Digit span was not significantly different between groups or DMD-sibling 

pairs. However, children with DMD did receive lower scores than the comparison group, 

and within DMD-sibling pairs children with DMD received lower scores than the overall 

sample. Children with DMD did exhibit difficulty on a measure of nonverbal problem 

solving when compared to both the comparison group and sibling pairs. Although poor 

nonverbal IQ is not found to be a cognitive correlate in specific arithmetic difficulty 

(Fletcher et al., 2007), fluid intelligence is more related to math calculations than 
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crystallized intelligence. Nonverbal problem solving and fluid intelligence may be more 

affected in children with DMD than vocabulary measures and other measures of 

crystallized intelligence. Our findings did not show a significant verbal-nonverbal IQ 

discrepancy in children with DMD. This finding differs from previous studies which has 

shown verbal IQ being more affected than performance IQ, as shown through a VIQ-PIQ 

discrepancy (Karagan et al., 1978; Karagan et al., 1980; Dorman et al., 1988; Appleton et 

al., 1991). 

Relation between Academic Achievement and its Cognitive Correlates 

The contribution of verbal span, verbal working memory, attention, and 

language skills to academic achievement in children with DMD. Phonological awareness 

and verbal knowledge were associated with achievement in reading. This finding is 

consistent with the learning disability literature that indicates phonological awareness is a 

cognitive correlate of word reading difficulties in the LD literature whereas verbal 

knowledge is associated with reading comprehension difficulties (Fletcher et al., 2007). 

Measures of verbal working memory significantly correlated with reading skills. 

Working memory for verbal information is significantly related to reading difficulties and 

is often linked to problems with phonological awareness (Fletcher et al., 2007). The 

cognitive profile of children with DMD may be characterized by verbal working memory 

deficits, which lead to poor development of phonological awareness, and deficits in word 

reading skills and reading comprehension.  

Arithmetic skills were found to significantly correlate with measures of verbal 

working memory, with working memory for numerical information correlating slightly 

higher. Deficits in working memory are often observed in children with math difficulties 
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(Bull & Johnston, 1997; Geary et al., 2004) and children with DMD displayed difficulties 

in both verbal working memory and math calculation domains. Measures typically 

associated with reading (phonological awareness and rapid naming) also correlated with 

math skills. This is not surprising as language has been shown to be an important factor 

in the development of math (Carey 2004; Spelke & Tsivkin, 2001).  

Overall, correlations are similar for cognitive skills with both math and reading 

measures. The cognitive profile of children with DMD appears to underpin both math and 

reading difficulties. Phonological awareness was found to correlate highest with both the 

Reading Composite and Math Computation subtest. Working memory skills are 

necessary for phonological awareness measures, as these tasks require the active 

manipulation of incoming verbal sounds. Children with DMD display both reading and 

math difficulties, and these academic deficits are likely due to their difficulties with 

verbal working memory.  

Brain-Behavior Relationships, Environment, and IQ in Children with DMD 

Children with DMD displayed academic difficulties in reading and math. These 

difficulties may be due to cognitive deficits related to the known pathophysiology of 

DMD. The genetic mutation responsible for DMD disrupts the production of dystrophin 

(Hoffman et al., 1987), a protein product that is normally found in multiple tissues 

throughout the body including the central nervous system (Lidov et al., 1990). In normal 

brain tissue, different forms of brain dystrophin have been localized to specific cell types 

and brain regions (Gorecki et al, 1992, 1998; Kimura et al, 1997, Lidov et al., 1990; Tian 

et al., 1996; Uchino et al., 1994a,b). One type of dystrophin is localized specifically to 

the pyramidal cells of the cerebral cortex and the hippocampus. Dystrophin products 
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found in these areas are found in the soma and dendrites of neurons and tend to aggregate 

in the postsynaptic densities, which suggests a role of dystrophin in synaptic function 

(Dorbani-Mamine et al., 1998, Jancsik & Hajos, 1998; Kim et al., 1992; Lidov et al., 

1990; Uchino et al., 1994a). The specific anatomic distribution of dystrophin products 

suggests that they may be involved in selective cognitive processes, and since the brains 

of children with DMD have developed without these dystrophin products, cognitive 

functioning is likely impacted (Hinton et al., 2001). Since dystrophin plays a role in 

development of the cerebral cortex and subcortical structures such as the hippocampus, 

children with DMD may be at risk for difficulty with higher order cognitive processes, 

such as verbal working memory. The storage capacity of the phonological loop may be 

compromised, so that slightly less verbal information can be held and manipulated when 

initially heard and rehearsed (Hinton et al., 2007); this in turn affects verbal working 

memory. Missing dystrophin in synapses of selective brain neurons in areas crucial for 

verbal working memory and may make it difficult for children with DMD to rehearse 

information mentally or process the initial presentation of instructions. As a result of 

having a mutated dystrophin gene and less distribution of dystrophin in crucial brain 

regions, children with DMD may have limited verbal working memory, which in turn 

contributes to poor phonological processing and math and reading difficulties. 

When examining academic achievement in children with DMD, social and 

environmental factors cannot be left out. Children with chronic medical conditions and 

physical disabilities are more likely to have significant adjustment difficulties and social 

problems (Hinton et al., 2006). These children often miss a lot of school because of 

doctors’ appointments and health related issues and they are often left out of school 
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activities because of certain physical constraints. Children have to learn to cope with a 

degenerative disease which has a poor prognosis. All of these factors may play a part in 

academic achievement and school performance, and must be taken into account in future 

studies. 

The role of general intellectual functioning in children with DMD must also be 

taken account. Children with DMD obtained lower scores than the sibling comparison 

group on all academic and cognitive measures given (except a measure of verbal word 

span). This includes estimates of verbal and nonverbal intelligence. However, based on 

the pattern of performance observed we cannot conclude that general intelligence is the 

reason children with DMD perform lower on measures of academics and cognition. First, 

although children with DMD performed worse than the sibling comparison group, they 

generally performed in the average range (based on the population means and standard 

deviations of the measures) on measures of vocabulary and nonverbal problem solving. 

Also, although estimates of verbal and nonverbal intelligence significantly correlated 

with measures of reading and math, they did not significantly correlate across cognitive 

measures; vocabulary significantly correlated only with verbal working memory and 

nonverbal problem solving correlated with phonological awareness and rapid naming. 

Therefore, there is not enough evidence to determine that lower performance on 

academic and cognitive measures are a result of low IQ in this population. 

Results of this study suggest that poor verbal working memory leads to poor 

academic achievement in children with DMD. Children with DMD may benefit from 

early school interventions which teach compensatory strategies for poor verbal working 

memory skills (Hinton et al., 2001). Such strategies may include presenting information 
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with contextual cues or visual stimuli, repeating information, or speaking using simple 

and short sentences (Hinton et al., 2007). Rote memorization is likely not the best 

learning strategy for these children, as they have limited capacity in the phonological 

loop. By designing interventions that best accommodate children with DMD’s cognitive 

difficulties, academic achievement may improve. 

Limitations 

The most significant limitation of this study is the small sample size. The small 

sample size affected results because parametric tests were not carried out to compare 

groups because insufficient power to detect group differences. In addition, t-statistics for 

between group data could not be performed due to small sample size and independence 

that occurs when using a sibling comparison group. This made it difficult to detect 

possible between group differences. It is noteworthy that our sample size was not 

significantly smaller than other studies examining academic and cognitive difficulties in 

children with DMD. Also, given our small sample size, the role of development was not 

fully explored. The broad age range of participants made it difficult to examine the 

contribution of cognitive processes at different stages of development. Difficulties with 

inattention may have been clearer if younger children were examined.  

Another limitation is that a sibling could not be recruited for each participant 

with DMD. Again, this led to difficulty detecting differences between group and DMD-

sibling pair findings. If each participant with DMD recruited could be directly compared 

with a sibling, our sample size would have not have been significantly lower when 

accounting for possible group dependence.  
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Conclusions and Future Directions 

Based on these results, children with DMD display academic difficulties in 

reading and math. These difficulties may be due to cognitive deficits related to the known 

pathophysiology of DMD, such as less dystrophin in cerebral and cerebellar areas. A 

lower distribution of dystrophin may lead to limited verbal working memory, which in 

turn contributes to poor academic skills across math and reading (Hinton et al., 2004). 

The types of cognitive weaknesses associated with reading problems in children with 

DMD are similar to those reported in children with specific reading disabilities. In both 

populations, difficulties are seen in phonological awareness, rapid naming, and verbal 

working memory. These deficits contribute significantly to underachievement in different 

aspects of reading. Although children with DMD displayed deficits in math calculations, 

the typical pattern of cognitive correlates was not seen. Children with DMD did exhibit 

more inattentive behavior on cognitive and behavioral measures of inattention; however, 

attention did not significantly contribute to math performance. This may be due to the 

reliability and validity of measures used in this study. For children with DMD, verbal 

working memory significantly correlated with math performance. Children with DMD 

appear to show math difficulties, with verbal working memory deficits contributing to 

poor development of math skills. 

In sum, the present findings suggest that children with DMD display poor 

academic achievement skills across reading and math due to poorly developed verbal 

working memory skills. Although this study shed light on academic deficits seen in 

children with DMD, analyses were limited given our small sample size. Future studies 

with larger samples may be able to utilize a more powerful statistical approach in order to 
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further understand the pattern of academic achievement and its cognitive correlates. 

Future studies can also further explore the contribution of neurological underpinnings 

versus environmental factors and social difficulties to academic outcomes. Also, attention 

problems in children with DMD are still unclear and need to be further explored. 

Although our overall sample of children with DMD showed difficulties with cognitive 

and behavioral aspects of attention, significant differences were not found between 

DMD-sibling pairs. In future studies, utilizing different measures of behavioral and 

cognitive attention may lead to a better understanding of how attention difficulties affect 

children with DMD. Focusing more on attentional constructs and being able to analyze 

data from a bigger sample size may elucidate the role of attention problems in academic 

achievement in this population. As the relationship between academic achievement and 

its cognitive correlates in children with DMD become better understood, future studies 

can focus on intervention studies with this unique population.  
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Tables 

Table 1: Sociodemographic Information for Groups 
 

Group   

 DMD Sibling 

N 17 8 

Age (years: M ± SD) 11.36 ± 2.65 10.64 ± 2.88 

Gender – n (%)* 

Female 

Male 

 

0 (0.0%) 

17 (100.0%) 

 

4 (50.0%) 

4 (50.0%) 

Ethnicity – n (%) 

African American 

Asian 

Caucasian 

Hispanic 

 

3 (17.6%) 

1 (5.9%) 

 10 (58.8%) 

3 (17.6%) 

 

1 (12.5%) 

1 (12.5%) 

3 (37.5%) 

3 (37.5%) 

Reduced/Free Lunch Status- n (%) 

Yes 

No 

 

8 (47.1%) 

9 (52.9%) 

 

4 (50.0%) 

4 (50.0%) 

*Significant Difference between groups at p < .05 
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Table 2: Sociodemographic Information for DMD-Sibling Pairs 
 

Group   

 DMD Sibling 

N 8 8 

Age (years: M ± SD) 12.52 ± 2.40 10.64 ± 2.88 

Gender – n (%)* 

Female 

Male 

 

0 (0.0%) 

8(100.0%) 

 

4 (50.0%) 

4 (50.0%) 

Ethnicity – n (%) 

African American 

Asian 

Caucasian 

Hispanic 

 

1 (12.5%) 

1 (12.5%) 

3 (37.5%) 

3 (37.5%) 

 

1 (12.5%) 

1 (12.5%) 

3 (37.5%) 

3 (37.5%) 

Reduced/Free Lunch Status- n (%) 

Yes 

No 

 

4 (50.0%) 

4 (50.0%) 

 

4 (50.0%) 

4 (50.0%) 

*Significant Difference between groups at p < .05 
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Table 3: Means, Standard Deviations, and Effect Sizes for Academic Achievement Measures 
 

Group 
 
 

DMD (n = 17) DMD w/ Sibling 
Pairs (n = 8) 

Sibling (n = 8) 

Academic Measure Mean Std 
Dev Mean Std Dev Mean Std Dev Mean 

Difference 
Effect Size 

(d) 

KTEA-II Letter & Word Recognition 91.88 14.95 89.25 18.84 99.00 18.23 7.12 0.47 

KTEA-II Reading Comprehension 89.59 20.17 87.63 21.53 99.87 19.79 10.28 0.69 

KTEA-II Reading Composite 90.29 17.62 88.50 20.24 99.75 18.81 9.46 0.63 

KTEA-II Nonsense Word Decoding 90.29 14.59 87.25 18,22 99.13 13.58 8.84 0.59 

KTEA-II Math Computation 87.88 18.25 83.38 22.72 99.88 14.75 12.00 0.80 

TOWRE Sight Word Efficiency 86.12 20.20 80.00 22.56 97.63 13.80 11.51 0.77 

TOWRE Pseudoword Decoding 
Efficiency 

87.65 17.62 82.00 20.14 99.25 15.76 11.60 0.77 

TOWRE Total Word Reading 
Efficiency 

84.29 21.61 77.13 24.06 98.13 17.16 13.83 0.92 

Notes: standard score (m = 100; SD = 15) 
 

Table 4: DMD-Sibling Pair Mean Differences and t-statistics for Academic Measures 
 

* P ≤ 0.05 

95% Confidence Interval of the Difference Academic Measure t df Sig. (2-tailed) Mean Difference Lower Upper 
KTEA-II Letter & 
Word Recognition 

1.17 7 0.28 9.75 -9.89 29.39 

KTEA-II Reading 
Comprehension 

1.67 7 .14 12.25 -5.15 29.65 

KTEA-II Reading 
Composite 

1.74 7 .13 11.25 -4.08 26.58 

KTEA-II Nonsense 
Word Decoding 

1.37 7 .21 11.88 -8.56 32.31 

KTEA-II Math 
Computation* 

2.43 7 .05 16.50 .47 32.53 

TOWRE Sight Word 
Efficiency 

2.02 7 .08 17.63 -2.97 38.22 

TOWRE Pseudoword 
Decoding Efficiency 

2.10 7 .07 17.25 -2.19 36.69 

TOWRE Total Word 
Reading Efficiency 

2.21 7 .06 21.00 -1.50 43.50 



Duchenne Muscular Dystrophy 
	  

 

68 

Table 5: Means, Standard Deviations, and Effect Sizes for Reading Correlates  
 

Group  

 DMD (n = 17) DMD w/ Sibling 
Pairs (n = 8) 

Sibling (n = 8) 

Reading Measure Mean Std Dev Mean 
Std 

Dev Mean 
Std 

Dev 
Mean 

Difference 
Effect Size 

(d) 
CTOPP Ellison 87.65 18.12 85.00 20.87 100.62 11.95 2.60 0.87 

CTOPP Blending Words 94.70 19.96 88.75 24.46 103.13 11.32 1.69 0.56 

CTOPP Phonological 
Awareness Composite 

89.24 21.32 83.88 25.30 102.25 14.05 13.01 0.87 

CTOPP Rapid Digit Naming 91.20 18.75 81.25 20.00 95.00 12.25 0.76 0.25 

CTOPP Rapid Letter Naming 91.76 18.87 85.63 22.27 95.63 12.94 0.78 0.26 

CTOPP Rapid Naming 
Composite 

89.76 22.05 80.13 94.38 94.38 14.47 4.62 0.31 

KBIT-2 Verbal Knowledge 101.20 12.19 100.63 16.13 102.50 15.12 0.26 0.09 

AWMA Listening Recall 83.41 16.61 79.88 17.65 101.90 19.61 18.49 1.23 

AWMA Word Recall 86.25 20.86 87.13 23.167 81.38 17.96 -4.87 -0.32 

Notes: Standard score (m = 100; SD = 15) 
 

 



Duchenne Muscular Dystrophy 
	  

 

69 

 
Table 6: DMD-Sibling Pair Mean Differences and t-statistics for Reading Correlates 

 

* P ≤ 0.05 

95% Confidence Interval of the Difference 
Measure t df Sig. (2-tailed) Mean Difference 

Lower Upper 

CTOPP Ellison 1.55 7 .17 3.13 -1.66 7.91 

CTOPP Blending 
Words 1.83 7 .11 2.88 -.85 6.60 

CTOPP Phonological 
Awareness Composite 1.80 7 .12 18.38 -5.81 42.56 

CTOPP Rapid Digit 
Naming 2.11 7 .07 2.75 -.34 5.84 

CTOPP Rapid Letter 
Naming 1.67 7 .14 2.00 -.83 4.83 

CTOPP Rapid Naming 
Composite 2.01 7 .08 14.25 -2.48 30.98 

KBIT-2 Verbal 
Knowledge -1.19 7 .27 -3.50 -10.45 3.45 

AWMA Listening 
Recall* 4.72 7 .01 21.63 10.80 32.45 

AWMA Word Recall -.53 7 .62 -5.75 -31.63 20.13 
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Table 7: Means, Standard Deviations, and Effect Sizes for Math Correlates  
 

Notes. a raw score. bstandard score (m = 100; SD = 15) 
 
 
 
 

Table 8: DMD-Sibling Pair Mean Differences and t-statistics for Math Correlates 

* P ≤ 0.05 
 

 
 

 
 
 

 

 

 

 

Group 
 

 
DMD (n = 17) DMD w/ Sibling 

Pairs (n = 8) 
Sibling (n = 8) 

Measure Mean Std Dev Mean 
Std 

Dev Mean 
Std 

Dev 
Mean 

Difference 
Effect Size 

(d) 

SWAN-IV Inattentiona -2.01 5.47 3.82 10.84 16.39 8.00 18.40 2.68 

Stop Signal Reaction Timea 510.19 57.76 465.33 63.01 389.41 81.80 -120.78 -1.71 

Digit Spanb 90.29 19.88 84.38 23.67 92.50 11.95 0.44 0.15 

KBIT-2 Matricesb 93.18 17.22 87.75 17.11 105.50 9.71 12.32 0.82 

95% Confidence Interval of the Difference 
Measure t df Sig. (2-tailed) Mean Difference 

Lower Upper 

SWAN-IV Inattention .42 7 .69 4.50 -20.69 29.69 

Stop Signal Reaction 
Time 

-.22 7 .83 -12.31 -142.21 117.59 

Digit Span 1.16 7 .28 1.63 -1.69 4.94 

KBIT-2 Matrices* 3.04 7 .02 17.75 3.96 31.54 
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Table 9: Pearson Correlations for Math, Reading, and Cognitive Measures in Children with DMD 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

* P ≤ 0.05 
** P ≤ 0.01 
Notes. a n=17. bn=16 

 
 

 

 KTEA-II Reading 
Composite 

KTEA-II Math 
Computation 

CTOPP Phonological Awareness 
Compositea 0.81** 0.73** 

CTOPP Rapid Naming Compositea 
0.34 0.56* 

KBIT-2 Verbal Knowledgea 0.51* 0.53* 
KBIT-2 Matricesa 0.53* 0.53* 
Digit Spana 0.65** 0.69** 
AWMA Listening Recalla 0.55* 0.68** 
AWMA Word Recallb 

0.69** 0.58* 
SWAN-IV Inattentiona 0.35 0.31 
Stop Signal Reaction Timeb 

-0.38 -0.40 


